Purpose The aim of this article has been to analyze the clinical and radiological data suggesting tuberculous vertebral osteomielitis (TVO), and then discuss the steps to be followed to achieve an aetiological diagnosis. Methods A thorough literature search was carried out to identify the best clinical and microbiological evidence for a fast and efficient diagnosis of TVO.
Introduction
Despite all the advances in medical diagnostic technology over the last 20 years, vertebral osteomyelitis, in general, and tuberculous vertebral osteomyelitis (TVO), in particular, continue to present a diagnostic challenge for most doctors [1] .
Spinal pain is a very common symptom in clinical practice, and physicians will need to face its initial management in many patients. Although vertebral osteomyelitis should be included in the differential diagnosis of any spinal pain, it is much less frequent than other spinal diseases [2] . This, together with the absence of fever in a high percentage of cases, explains why many physicians fail to consider infection as the cause of the pain [3] .
Unlike pyogenic vertebral osteomyelitis, TVO has a lower clinical expressivity and a more subacute course, leading to a greater diagnostic delay [4, 5] .
Previous studies have shown that late diagnosis is the factor that most contributes to a worse prognosis in vertebral osteomyelitis [6, 7] . Moreover, patients with a longer clinical course need surgical treatment more frequently than those with an earlier diagnosis [6, 8] . Surprisingly, the incorporation of MRI into clinical practice has not significantly improved the diagnostic delay in TVO [9, 10] . This suggests that physicians often remain unaware of this severe form of extrapulmonary tuberculosis.
Most of the literature on TVO is of historical interest only. Most studies refer to series with just a few cases, studied retrospectively, and with nonhomogeneous criteria. In this article we analyze the clinical and radiological data suggesting that a patient might have TVO, and then discuss the steps to be followed to achieve an aetiological diagnosis.
Keep in mind tuberculous vertebral osteomyelitis
Even though TVO was known in ancient Egypt, described by Hippocrates, and reviewed extensively by Sir Percivall Pott in 1779, it still remains a diagnostic challenge in the twenty-first century. In many countries of Asia, Africa and South America the incidence of tuberculosis is higher than 100-200 cases per 100,000 inhabitants, though in most developed countries the incidence does not exceed 10 cases per 100,000 inhabitants [11] .
As with any other infection, early diagnosis of TVO depends on several factors, including clinical suspicion and the availability of resources necessary for its diagnosis. As the index of suspicion depends on the experience of the clinician and the prevalence of the disease, many physicians in low-incidence countries do not consider the diagnosis of TVO in a patient with spinal pain. Several recent studies have reported that in developed countries most cases of TVO occur in immigrants [9, 12] . Therefore, in these countries, the possibility of TVO should be considered in an immigrant patient with clinical or radiological data suggestive of vertebral osteomyelitis.
TVO can occur in the context of disseminated tuberculosis, or result from endogenous reactivation of a latent vertebral focus. In the largest series, TVO appeared simultaneously with other locations of extrapulmonary tuberculosis in 10-38 % of cases [5, [12] [13] [14] .
As with pulmonary tuberculosis, the incidence of extrapulmonary tuberculosis is higher in immunosuppressed patients. This is well documented in both transplant patients and in those infected with HIV. In all these patients, a high percentage have disseminated tuberculosis with lymph node involvement [15, 16] . However, the incidence of spinal tuberculosis in immunosuppressed patients is not well known. The information in the literature is limited to the description of isolated cases [17] [18] [19] . It is possible that in the context of disseminated tuberculosis in immunosuppressed patients, many cases of TVO are not identified. In our experience, 19 % of patients with TVO were co-infected with HIV or had other types of immunosuppression [10] . Thus, in any immunosuppressed patient with back pain we should consider the possibility of TVO, regardless of whether the data are suggestive of disseminated tuberculosis.
Despite progress in imaging techniques, the diagnostic delay in TVO is still very long. In most studies, the time to diagnosis ranged between 4 and 6 months, with no difference between developed and developing countries [10, 12, 20, 21] .
In developing countries, TVO mainly affects young people [22] . By contrast, in developed countries, the age of the patient with spinal tuberculosis has a bimodal distribution with two peaks, one between 20 and 40 years of age and another between 60 and 80 years [10] . The first peak usually concerns immigrants or patients with HIV infection, and the second, immunosuppressed patients or patients with debilitating diseases.
As with vertebral osteomyelitis of any aetiology, the main symptom of TVO is back or neck pain. Fever, sweating, constitutional symptoms, neurological deficits and symptoms suggestive of the involvement of other organs occur in less than 50 % of cases.
Although the pain may occasionally begin more or less suddenly, in most cases, it is of insidious onset, but almost always progressive and with inflammatory characteristics (unrelieved by rest). Accordingly, in any patient with inflammatory spinal pain, we should consider the possibility of vertebral osteomyelitis and act accordingly.
Most physicians tend to associate fever with infection. Thus, the absence of fever would normally go against the infectious nature of the symptoms. However, this is generally not the case in vertebral osteomyelitis and even less, so in TVO. In our experience, only one-third of patients with TVO have fever over the course of their disease [10] . Similar results have been reported by other authors [4, 5, 9, 12, 21, 22] . The absence of fever in a high percentage of patients and the subacute course of vertebral tuberculosis are the main determinants of the high diagnostic delay that occurs in this type of infection.
TVO most often affects the thoracic segment and the thoraco-lumbar hinge, followed by the lumbar segment, and to a much lesser extent, the cervical segment. Multiple spinal segments are affected in 3-10 % of cases [5, 10, 12] .
The granulomatous inflammation caused by M. tuberculosis results in a marked osteolytic effect on vertebral tissue. Although the mechanisms by which M. tuberculosis induce bone resorption remain unknown, chaperonin 10, a protein of M. tuberculosis could be responsible for the massive bone resorption that occurs in TVO [23] . On the other hand, experimental work has shown that infection of osteoblasts by M. tuberculosis and S. aureus results in differential up-regulation of chemokine secretion, indicating a pathogen-specific response, and the magnitude of chemokine secretion after stimulation by M. tuberculosis is much greater than after stimulation by S. aureus [24] . In tuberculous osteomyelitis, foci of caseous necrosis tend to coalesce to form abscesses that spread via the subligamentous path. Contrary to what happens in other granulomatous or pyogenic infections, in TVO bone, regeneration is very low, resulting in a large destructive effect that leads to vertebral collapse. This, coupled with the fact that most cases of TVO affect the thoracic segment or thoracolumbar hinge, explains the progressive kyphosis that is a common clinical finding in TVO [25] . Among the different aetiologies of vertebral osteomyelitis, TVO is that which more often causes neurological symptoms [4, 5, 8, 26] . This is not surprising if we consider that in TVO, diagnostic delay, vertebral collapse and abscess formation are all more frequent than in other causes of vertebral osteomyelitis. In our experience, 45 % of patients with TVO have one or more neurological deficits at the time of diagnosis [10] . This figure is right in the middle of the incidence (20-69 %) reported in the largest series in the literature [4, 5, 12, 14, 20, 21] .
In conclusion, the presence of inflammatory back or neck pain, with a neurological deficit on physical examination, even in the absence of fever, should suggest the existence of TVO and action be taken accordingly. The pretest likelihood is even greater if there is kyphosis, or data are suggestive of pulmonary tuberculosis or other extrapulmonary location.
From syndromic to aetiological diagnosis
The paradigm for efficient treatment of infectious diseases is to reach an aetiologic diagnosis and, if possible, isolate the causative agent. In the case of tuberculosis, this is now especially important because of the increased incidence of multidrug-resistant tuberculosis in many countries [27] [28] [29] .
In most instances, diagnosis of vertebral osteomyelitis is based on clinical and radiological criteria. Although certain clinical data may suggest TVO, unfortunately none of them is specific enough to establish the diagnosis [8, 30] . In addition, the radiological findings of spinal tuberculosis are often atypical, and descriptions exist of osteolysis of just one vertebral body with no disc involvement, involvement limited to the posterior elements, and multifocal extensive spinal tuberculosis [31] [32] [33] [34] .
Tuberculin skin test (TST) and interferon gamma release assay (IGRA tests)
Mycobacterium tuberculosis infection leads to a T-lymphocyte mediated immune response which remains for a long time regardless of whether it progresses toward latent infection or active disease. Since M. tuberculosis infection is a prerequisite for active tuberculosis, reliable determination of the infection status could accelerate the diagnostic assessment by enabling rapid exclusion of tuberculosis. This immune response can be measured by skin reactivity following the intradermal injection of a concentrated filtrate from cultures of M. tuberculosis. TST, introduced in 1910 by Mantoux, is one of the oldest diagnostic tests used in clinical medicine.
The usefulness of the TST in the diagnosis of tuberculosis has been questioned due to inter-reader variability, cross-reactivity with non-tuberculous mycobacteria and false positive results in patients vaccinated with BCG. Furthermore, TST also has a low sensitivity in immunosuppressed patients. Recently, IGRAs for tuberculosis have overcome most of these limitations. These immunoassays detect in vitro interferon-c secreted by peripheral blood mononuclear cells in response to specific antigens of M. Tuberculosis. Currently, multiple data show that IGRA tests are equally sensitive but more specific than TST in diagnosing latent tuberculosis infection and active tuberculosis [35, 36] . This seems true both in immunocompetent and immunocompromised patients [36, 37] . Kim et al. [38, 39] studied 179 patients with suspected extrapulmonary tuberculosis and found that the IGRA test was significantly more sensitive than the TST in immunosuppressed patients with extrapulmonary tuberculosis.
In countries with a high prevalence of tuberculosis, the usefulness of TST and IGRA in the diagnosis is very limited, as these tests cannot differentiate between latent infection and active disease. However, their negative predictive value is very high, regardless of the prevalence of tuberculosis. For these reasons, it seems advisable to perform an IGRA test in any patient suspected as having tuberculous vertebral osteomyelitis, because, regardless of the prevalence of tuberculosis, a negative IGRA test makes the diagnosis of spinal tuberculosis very unlikely, and thus requires other causes of vertebral osteomyelitis to be ruled out.
Vertebral biopsy
Spinal tuberculosis often coexists with pulmonary tuberculosis or other forms of extrapulmonary tuberculosis. Pertuiset et al. [12] reported that 18 % of their patients had been previously diagnosed with tuberculosis and 27 % of them had extraskeletal sites of active TB. In our experience, 28.2 % of patients with TVO had clear evidence of previous or current tuberculosis [10] ; similar results have been reported by other authors [4, 5, 14, 34] . Only in the case of the coexistence of a clinical and radiological picture typical of vertebral osteomyelitis, with microbiologically documented pulmonary or extrapulmonary tuberculosis, can we assume the same aetiology and limit the diagnostic effort. In all other cases that have no indication for surgery a vertebral biopsy or aspiration of paraspinal collections should be performed to confirm the diagnosis of tuberculosis.
The speed and ease of handling mean that paravertebral tissue or abscess samples are preferable for the aetiologic diagnosis of TVO. As TVO has a great tendency to produce paravertebral and epidural masses and psoas abscess [40] there should be no great difficulty in obtaining an adequate sample for pathological and microbiological diagnosis. Fine-needle aspiration or biopsy guided by fluoroscopy or CT have proven to be useful tools for the aetiologic diagnosis of spinal tuberculosis. In the largest series, the diagnostic yield of aspiration and/or vertebral biopsy was higher than 62 % [4, 9, 10, 12, 34] . Considering that the maximum diagnostic yield is obtained when the sample is processed microbiologically and pathologically [10, 12, 34, 40] , it is advisable whenever possible to obtain two samples, one for microbiological study and the second to send to the pathology laboratory. Since the presence of granulomas is not pathognomonic of tuberculosis [41] , when it is only possible to take one sample and this cannot be divided or the sample is from an abscess, priority should always be given to the microbiological study. In the case of paravertebral or psoas abscess, CT-guided aspiration not only helps in the diagnosis but also avoids surgical drainage in a high percentage of cases [42] .
When lesions are limited to the vertebral bodies a vertebral biopsy is recommended. Percutaneous core needle biopsy is considered a safe, accurate, and relatively inexpensive technique for the diagnosis of vertebral osteomyelitis [43] [44] [45] [46] . Percutaneous biopsy has advantages over open biopsy, in that, it is less painful, less invasive, results in fewer complications and usually does not require general anaesthesia or hospitalization, all of which can reduce expenses.
Vertebral biopsy is usually performed by the transpedicular or posterolateral approach. When the lesion is confined to a particular area, the needle should be specifically directed to that area, and if the vertebra is diffusely affected, the subchondral area is preferred [47, 48] .
When microbiological and histological results are considered together, the diagnostic yield of percutaneous biopsy in TVO ranges between 42 and 76 % [4, 5, 12, 14] . In our experience with 78 patients with TVO, 25 (40.3 %) required a percutaneous vertebral biopsy. Culture was positive in 48 % of cases. Pathological study showed the presence of caseating granulomas in five patients whose cultures were negative. The diagnostic yield for the percutaneous biopsies was, therefore, 68 % [10] . The yield of diagnostic tests reported by different authors is shown in Table 1 .
Detection of M. tuberculosis from vertebral samples
Although the initial suspicion of TVO is often based on clinical and radiological data, definitive diagnosis usually involves the isolation and identification of the infecting organism in the laboratory. The usual laboratory procedure for clinical specimens involves microscopic examination for the presence of acid-fast bacilli (AFB), isolation of the organism by culture, and identification and drug susceptibility testing of the recovered organism.
All samples with the suspicion of TVO sent to a microbiology laboratory should be processed for direct microscopic examination and culture. Microscopy for mycobacteria has traditionally been performed by an acidfast staining (e.g., Ziehl-Neelsen or Kinyoun staining). Ziehl-Neelsen staining is time-consuming and positivity requires the presence of at least 5 9 10 3 AFB/ml [49] . Both the sensitivity and speed of the microscopic study can be improved with the introduction of fluorescent microscopy and staining with auramine phenol [50] . Whatever the case, due to a lower specificity, any sample with a positive auramine stain should be confirmed by Ziehl-Neelsen staining. Unfortunately, in contrast to the situation in pulmonary tuberculosis, the bacilli population in extrapulmonary samples is much lower, which explains the low diagnostic yield of microscopy in spinal tuberculosis. In none of the studies published to date did the microscopic examination positivity of the vertebral or paravertebral samples exceed 36 % [12, 51] .
Traditionally, solid media such as Lowenstein-Jensen have been used for the isolation of mycobacteria. As M. tuberculosis complex are slow-growing micro-organisms, the rescue time may be prolonged up to 3 to 8 weeks with this technique. Currently, liquid media such as Middlebrook can reduce the time required for isolation to 2 or 3 weeks. New systems that rely on non-radiometric detection of growth have been developed, such as the MB/ BacT, MGIT and BACTEC 9000. Several studies have compared the performance of the different culture systems available. The BACTEC 460 system remains the fastest and most sensitive, followed by the MGIT culture systems, with the solid media systems being the slowest [49] .
In the study carried out by Pertuiset et al. [12] between 1980 and 1994, the median time to culture growth was 4 weeks (range 2-12 weeks). By contrast, in a recent study from our group that included 11 patients with TVO, the rescue time of M. tuberculosis using Middlebrook medium (BACTEC MGIT 960) was 9.5 ± 4.4 days [52] .
The final aim of any diagnostic process is to obtain the information necessary to ensure the success of treatment. Therefore, after the isolation of M. tuberculosis, accurate drug-susceptibility testing is an intrinsic part of the diagnostic process. The current recommendation is to study the sensitivity of any isolate of M. tuberculosis. This is especially important in areas where the rate of resistance to first-line anti-tuberculosis drugs is high or in patients who have previously been treated [53] .
Conventional methods to study the sensitivity can take 2 or 3 weeks to perform when the starting material is a strain of M. tuberculosis previously isolated in culture. Therefore, the isolation, identification and sensitivity study from a sample of vertebral or paravertebral tissue can take between 6 and 8 weeks. Reducing this time means ensuring the right treatment, thereby decreasing morbidity and avoiding unnecessary toxicities.
In line with the recommendations of the Centers for Disease Control (CDC) to reduce the time to identification of M. tuberculosis cultures and the determination of firstline drug susceptibilities to less than 30 days, many laboratories started exploring the possibilities of molecular biology for the diagnosis of tuberculosis [54] . During the past two decades, several molecular methods have been developed for the direct detection, identification and susceptibility testing of mycobacteria. These methods can potentially reduce the diagnostic time from weeks to days.
Several commercial systems are currently available for the rapid identification of mycobacterial species from culture isolates. These tests are based on species-specific DNA probes that hybridize with rRNA released from bacteria. For positive culture specimens performance time does not exceed 2 h. These methods are very easy to perform, and no special instrumentation is needed. AccuProbe M. tuberculosis complex Culture Identification Test (GenProbe) has been evaluated extensively in clinical practice and proven to be rapid, sensitive and specific [55] [56] [57] .
Polymerase chain reaction (PCR) allows the direct amplification of a defined DNA sequence in an exponential fashion over a short span of several hours. This powerful technology has touched every aspect of medical science and practice, and it has been applied for the diagnosis of infectious, neoplastic and hereditary diseases. The rapid diagnosis of infectious diseases, especially those like tuberculosis that represent a public health concern and whose microbiological diagnosis is difficult or time consuming, has been one of the most important application fields of PCR-based methods.
Although the US Food and Drug Administration recommended that PCR should only be performed for rapid diagnosis in respiratory specimens of either AFB smear positive or negative samples, PCR-based methods have been studied extensively in patients with extrapulmonary tuberculosis [58] [59] [60] .
Shad et al. assessed the usefulness of the AMPLICOR Mycobacterium tuberculosis (MTB) PCR test (Roche Diagnostic Systems) in 1,090 non-respiratory samples from patients with suspected extrapulmonary tuberculosis. When PCR test results were compared with the confirmed clinical diagnosis of TB, the sensitivity, specificity, positive predictive value and negative predictive value for the PCR were 76.4, 99.8, 92.8, and 99.2 %, respectively. PCR results were available within 6.5 h, compared with an average of 3 weeks for culture of M. tuberculosis [58] . More recently, Cheng et al. studied by PCR 690 clinical samples sent for culture, of which 279 were positive for M. tuberculosis. The diagnostic sensitivity of TB PCR was 75.9 % (85 of 112) and 81.3 % (117 of 144) in patients with culture-confirmed and clinically diagnosed tuberculosis, respectively. Using culture as the gold standard, the overall sensitivity of TB PCR was 78.3 %, and for pulmonary and extrapulmonary specimens it was 82.3 and 72.0 %, respectively [61] . Unfortunately, in these two studies, as in all others published, the number of patients with osteoarticular tuberculosis and the number of vertebral or paravertebral tissue samples and psoas abscesses were not specified [62, 63] .
In our experience, PCR-based methods can be applied successfully for the rapid diagnosis of TVO. Multiplex-PCR technology even allows the rapid differential diagnosis between tuberculous and brucellar vertebral osteomyelitis. Tuberculosis and brucellosis are granulomatous diseases caused by slow-growth microorganisms. Both have a strong tropism for the osteoarticular apparatus and they are very difficult to differentiate based on clinical, radiological and even histopathological data [52] .
Until recently, molecular methods for the diagnosis of infectious diseases in general, and tuberculosis in particular, had the disadvantage of not avoiding the need for the opportune cultures, a ''sine qua non'' condition to study antimicrobial susceptibility. Currently, the possibility exists of integrating in a single test the identification and sensitivity study of some micro-organisms. Xpert MTB/ RIF (GeneXpert, Cepheid) is an automated molecular test for M. tuberculosis identification and rifampin resistance study. This probe automates DNA extraction, amplification and detection inside a test cartridge that is never reopened, with little chance of amplicon contamination, making it accessible to any clinical laboratory [64] .
Vadwai et al. evaluated Xpert MTB/RIF to test its usefulness in 547 patients with suspected extrapulmonary tuberculosis. The overall sensitivity of the Xpert assay was 81, 64 % for smear-negative cases and 96 % for smearpositive cases, with a specificity of 99.6 %. The sensitivity was found to be high (63-100 %) for the majority of specimen types except for cerebrospinal fluid (29 %) . The Xpert test correctly identified 98 % of rifampin-resistant cases and 94 % of rifampin-susceptible cases [65] . These results are particularly relevant when we consider the significant reduction in the overall time to obtain results afforded by this technology. In another study by the same group, the median time to detection of tuberculosis for the Xpert test was less than 24 h, compared with 1 day for microscopy, 30 days for solid culture, and 16 days for liquid culture. The median time to detection of resistance was 20 days for the line-probe assay and 106 days (30-124) for conventional drug-susceptibility testing. Use of the MTB/RIF test reduced the median time to treatment for smear-negative tuberculosis from 56 days (39-81) to 5 days (2-8) [66] .
Based on the data presented above, the algorithm shown in Fig. 1 could now be used for the diagnosis of TVO. The availability of protocols and adherence to them for the diagnosis of spinal tuberculosis enables diagnosis without delay, as well as avoiding surgical procedures in many cases and preventing functional sequelae.
In conclusion, all patients with subacute inflammatory back or neck pain showing suggestive radiological findings or high serum levels of C reactive protein should be studied to rule out TVO. If there is no clear evidence of tuberculosis from another location or indication for surgery, a percutaneous vertebral biopsy should be performed. When TVO is suspected, all spinal or paravertebral tissue samples should be sent simultaneously to pathology and microbiology laboratories for appropriate processing. Any sample from a patient with suspected spinal tuberculosis must be subjected to microscopy and culture. There is now broad consensus that all microbiology laboratories should ensure, either themselves or by sending the samples to a reference laboratory, the identification and basic sensitivity study of any isolated M. tuberculosis strain within a maximum of 30 days.
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